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Introduction
The idea for the Ario dowsing experiment was quite simple – to get as many members of the

2005 OUCC Expedition as possible (irrespective of dowsing belief or ability) to record, using GPS,
the location of their  (on and off)  dowsing responses along a well-defined path.  The path could
be walked in either direction and at any time. It  seemed possible that  this simple plan might
gain enough data from a variety of subjects to begin to answer some of the thorny questions of
dowsing, viz.:

1. How repeatable is a dowsing trace by one person, and how well does a dowsing trace correlate
with dowsing traces produced by different people?

2. How “sensitive” are  different  people,  e.g.  is  dowsing ability affected by the sex or other
characteristics of the subjects? It was not intended to go further into the big questions of “what does
dowsing show” and “how does dowsing work” in this exercise.  A reasonably well-defined path
contouring around the Ario bowl was chosen as an easy-to-follow circuit. Although there were
already published dowsing results covering the area (Wilcock, 1991, Figure 1 below), they were not
obtained by walking the chosen path, few of the participants could be expected to remember them or
to relate them easily to the circuit, and they were not available at the expedition site. Also, the
participants did not watch each other, and the results were not processed on site.

Figure 1. The Ario Bowl, showing previous dowsing reactions (Wilcock, 1991), and the track
around the bowl that was used for the Ario Experiment in 2005



Raw Data
Figure 2 is a straight plot of dowsing reactions for the 16 individual runs (12 males, 1 female),

one person having three runs, and another having two runs, for comparisons of consistency and
repeatability.  For  those  pa r t i c ipan t s  under tak ing  more  than  one  run ,  a t  l eas t  one
run  was  c lockwise  a round  the  Ar io  Bowl ,  and  a t  l eas t  one  was  an t i c lockwise .
This  shows that  one participant  (16)  had no reactions  at  all,  whi le  the  other participants ranged
from o n l y one reaction (4) to some being decidedly sensitive, with very many reactions (e.g. 12,
14).

Figure 2. Plots of individual dowsing reactions for the subjects, showing the boundaries of the 24
selected 15-degree segments used for standardising the data

Figure 3 is a total plot of all dowsing reactions obtained. Visual comparisons of the raw data
seemed to indicate some similarities in the pattern of reactions.

Figure 4 is a bar chart of the 24 15-degree segment counts for all subjects. The red bars are
unprocessed raw data. The blue bars are processed “Bar Code” (presence/absence) data with
multiple reactions in the same segment normalised to one reaction per participant having a positive
reaction in that segment. The heights of these bars for the segments gives an indication that, far
from there being a random distribution of reactions (which would tend to give equal bar heights),
some segments are very much more reactive than others. All subsequent analyses in this paper use
the normalised data with multiple reactions normalised to one reaction per segment per practitioner.

However, it was agreed that a more rigorous approach was required, and it was decided to
attempt further analysis using the well-known Weighted Pair Group Average Link Cluster
Analysis and Principal Components Analysis algorithms.
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Figure 3. Total dowsing plots for all subjects along the track around the Ario Bowl, superimposed
on the previously-published dowsing results

Figure 4. Bar chart of the 24 15-degree segment counts for all subjects, red = raw data (some
with many reactions in the same segment) , blue = “Bar Code” processed data (with multiple
reactions in the same segment normalised to one reaction per segment per practitioner.
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Basic Processing

Figure 5. Segment radar plot for processed data . Note the very sharp eastern peak for the (dry)
Shepherds’ Spring, and lobes for the Xitu reaction (S), the dry valley (SW), Ario Spring(NNW) and

the supposed Cabeza Muxa outflow (NE).

A radar plot (so-called because it resembles a scanning radar display on a plan position indicator)
portrays the bar chart heights in their respective segments as radial displacements from the centre of
area. For random data, for which the bar chart heights would tend to be equal, the radar plot would be
a jagged 24-point star. For a very large random sample without segmentation it would approximate to
a circle. Figure 5 shows the radar plot for the experimental data superimposed on the previously
published dowsing reactions. Clearly the results are non-random, and the bulging lobes (highest
segment counts) in the radar plot in general correspond with previously detected reactions, which
appear to relate to caves. These are, clockwise from true north:

● Possible outlet NE from the Ario Bowl to the Cabeza Muxa System

● A very dramatic spike corresponding to inflow from the (dry) Shepherds’ Spring (E)

● Two inlets from the SE near the shepherds’ huts

● Heavy reaction towards Xitu (S)

● Heavy reaction for the dry valley inlet from the SW

● Slight reaction for a W inlet, corresponding with a previously dowsed feature

● The Ario Spring reaction (NNW).



Cluster Analysis
It was thought that if the reactions were noted as hits in particular segments of the 360-degree

circuit, then a “bar code” might be derived for each practitioner (Figure 6), as a basis for further
computer analysis. As a by-product of this form of presentation, the numbers of positive
reactions obtained in each of the 15-degree segments over the whole experiment is also shown
in Figure 6, both as a “shaded” pattern with colours conventionally used to indicate height
above sea level on maps, and as a “gradient profile” or section. It is clear from this that the
reactivities of the sectors are not all equal - some sectors receive a high count while others have
a low count.

Figure 6. “Bar Code” representation of the zones in which dowsing reactions were observed by the practitioners
in the 24 15-degree segments selected for standardisation of the data



It was also thought that cluster analysis properly used should at least be able to discriminate between experienced
dowsers,  neophyte dowsers  and  practitioners  showing  little  aptitude  for dowsing. Furthermore, it was hoped that
the analysis of several reliable dowsers would reveal that the observations were repeatable and consistent, and moreover
these would correspond with already published results (Wilcock, 1991).

Statistical analysis has long been facilitated by the use of computers. The second author has long experience in this
field (see References in Appendix 1) and developed his own software in the late 1960s, originally using the Algol60
programming language. Various standard implementations of Weighted Pair Group Average Link Cluster Analysis and
Principal Components Analysis are now available as freeware. After many changes of computer hardware and operating
systems, some features of the original software have been implemented in Excel.

It  was  necessary  to  present  the  data  to  the  computer  in  the  same  standard  form  for  each practitioner. As a
first step all the GPS readings were averaged to find the centre of area of the region (the readings should all have
been paired “on “ and “off”: where an odd number was found it was assumed that the reaction had minimal width, so
the corresponding reading was duplicated). It was decided to split the 360 degrees of the circuit into 15-degree segments,
numbered from segment 1 (the first segment NNE of true north) clockwise to segment 24 (the last segment
immediately NNW of  true  north).  Of  course some  of  the  segments  so  defined  did  not  have  any dowsing reactions,
so for these segments the coordinates of the centre of area were entered. For segments with multiple dowsing
reactions the readings were averaged.  This gave an equal number of 24 eastings/northings pairs (a total of 48
readings representing a sort of “GPS bar code”) for all 16 runs – this was the raw data submitted to the cluster analysis
procedure.

The next problem was what type of cluster analysis to employ, numerous different mathematical routines being
available. Hierarchical cluster analysis  creates  a  hierarchy of  clusters  which  may be  represented  in  a  tree
structure called a dendrogram (see Lock & Wilcock, 1987, p.37). The “root “of the tree consists of a single cluster
containing all  observations,  and  the  “leaves” correspond  to  individual  observations,  while  the linking of branches
define successively larger clusters (also called groups or phenons). The use of the term “phenon”, or its derivative
“phenotype”, is commonly used in biometric analysis, e.g. the groups which have been formed at say the 70%
similarity level may be referred to as the 70% phenons.  A common  algorithm  for  hierarchical  clustering  is
referred  to  as agglomerative,  i.e. forming larger and larger clusters as the similarity is reduced. Any valid metric
may be used as a measure of distance or similarity between pairs of observations. The choice of which clusters to
merge is determined by a linkage criterion, which is a function of the pairwise distances between observations.
What  constitutes  a valid  procedure  has  been  argued about  over  many years  by numerous mathematicians, some
claiming that single link cluster analysis is the only valid method, despite its notorious “chaining” in the results.  The
experiences of the second author over several  years of data analysis had been that Weighted Pair Group
Average Link Cluster Analysis gave the most useful and explainable results for archaeological and other physical data,
so that was the method employed for analysis of the dowsing experiment data. Within this method several other
decisions have to be made. The first decision is what type of data is to be used:

● raw data

● normalised data, i.e. processed according to mean and standard deviation of each property: this is to prevent properties
with high numerical values swamping properties with low numerical values, and the result is to give all properties the
same weight in the analysis

● data with the values normalised as percentages of the largest property value for each individual property: the numerical
values are replaced by percentages

● data with the values normalised as percentages of a total of the properties within a sample: the numerical values are
replaced by percentages of the total

● data with the values normalised as percentages of the maximum property value over all the samples: the numerical
values are replaced by percentages of the maximum property value

The second decision is the procedure to be used:

● Q (sample v sample) analysis, or

● R (property v property) analysis.



In this case the decision was made to use Q analysis of raw data. The minimum spanning tree
was derived (the simplest linkage between the most similar items: branches are allowed but no
loops, see Lock & Wilcock, 1987, p.45), and finally cluster analysis was performed using the selected
method, resulting in groups of items being formed at particular phenon percentage similarity
levels. Dendrograms and Wroclaw diagrams (named after the place where they were first used by
a Polish mathematician, see Lock & Wilcock, 1987, p.47) were then produced.  See  Append ix
1  fo r  a  worked  example  and  add i t iona l  r e fe rences .

Principal Components Analysis
An alternative data form, “presence/absence bar codes”, was also tried, indicating only presence

(1) or absence (0) of a dowsing reaction in each of the 24 segments, a total of 24 readings per
practitioner. The results of the  cluster  analysis  us ing  b ina ry  ba r  codes  were  similar  to  the
results  using  G P S  b a r  co d es . Principal Components Analysis was also attempted: in this form
of analysis it is the properties rather than the s a m p l e s that are under investigation, and the
properties are effectively clustered. New synthetic dimensions (Principal C omponents) are t h e n
calculated which combine features of many of the original properties, explaining the variance with
fewer properties. In the presence/absence bar codes case with 24 properties it was found that  15
such principal components explained more than one property’s worth of the variance, totalling
almost 95% of the variance, the first principal component explained almost 10% of the variance, and
the second more than 7% of the variance. It was found that the synthetic properties providing the most
significant discrimination were reactions in:

● Segments 7 (Shepherds’ Spring) and 15 (SW inlet) occurring together

● Segments 19 (W inlet), 21, 22, 23 (Ario Spring), 24 and 2 occurring together.

Using these first two principal components (synthetic properties) as x and y axes, a plot of the
samples (individuals)  can then be made.  The minimum spanning tree can also be added to such
a diagram. Also the groups derived in the minimum spanning tree can be added as loops
around the nodes, producing a Wroclaw Diagram.
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Figure 7. Pictorial dowsing reactions of the 16 practitioners
An easier way of comparing the performances of the practitioners has been devised, to supplement the similarity
measures of the 24 GPS bar codes. This is a pictorial representation (Figure 7) where the centre of area coordinates
are subtracted from the GPS coordinates. When there is no dowsing reaction in a segment, instead of a point being
plotted at the centre of area a radial position along the circumference of an artificial circle is substituted. It must be
emphasised that the radius of this artificial circle is arbitrary, and the circle bears no relationship to the actual track
around the Ario Bowl. Thus if no dowsing reactions have been obtained just the artificial circle results (see
practitioner 16 at the bottom right hand corner of Figure 7). Quite dramatic “spikes” result for valid dowsing
reactions, and from the position of these the similar dowsing performances can be seen easily.

Table 1 is the bar codes Similarity Matrix for the Ario data. From this the Dendrogram (Figure 8) and Minimum
Spanning Tree (Figure 9) can be derived. It is encouraging that for those practitioners (Martin Laverty, John Wilcock)
who undertook more than one run, the multiple runs appear in tight groups, i.e. the runs were consistent and repeatable.
Mike Hopley and Rosa Clements also form a group, and John Pybus and Peter Eastoe form another group. The
practitioners may be classified as follows:

● Good performance:  Rosa Clements  (RC),  Mike  Hopley (MHo),  Martin  Laverty (ML1, ML2, ML3), John
Wilcock (JW1, JW2)

● Partial results: Peter Eastoe (PE), Tom Evans (TE), Geoff O’Dell (GO), John Pybus (JP)

● Sparse results: Paul Windle (PW), Gareth Phillips (GP), Harvey Smith (HS)

● Minimal results: Martin Hicks (MHi), Gavin Lowe (GL)

Thus of the 13 practitioners (only two of whom had significant previous experience), eleven (84% of the total)
produced useable dowsing results, of which eight (61% of the total) seemed to have some significance, figures
comparable to previous surmises about the percentage of persons in the general population who are able to dowse.
This might indicate that a latent ability survives from evolution, perhaps an ability to find water, or to use the earth’s
magnetic field for navigation?
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Table 1. Bar Codes Similarity Matrix for the Ario data

Figure 8 . Dendrogram of the Ario data
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Figure 9 . Wroclaw Diagram for the Ario data (refer to Figure 8 to see the
formation of groups)



Conclusion
In conclusion, it can be said that the results appear to be non-random, and for those practitioners who undertook

more than one run the results appear to be consistent and repeatable (since they group together in the cluster
analysis).  However, at 16 runs the sample available was not large, certainly not large enough (at least 20
samples) to satisfy statistical significance tests. The experiment will repay repeating with a larger group, and more
individual repeats. It is suggested that an independent, non-participant, Data Manager collect and inspect the
data on completion in future; otherwise the methodology seems a sound basis for future tests.

France (1991) concluded “the jury is still out” on the utility and validity of dowsing. The authors believe that
dowsing is a useful tool for locating sites of interest to cavers but that, as for any human senses, not all users
are  as  receptive  to  the  same  influences.  They also  believe  that  this  Ario dowsing  exercise  has  been  an
innovative  and  useful attempt  to quantify dowsing  reactions  by statistical analysis, and the approach
deserves further attention. These hypotheses are published for the record, and are entitled to stand until
disproved.
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Appendix 1.  An explanatory example of the Weighted Pair Group Average
Link Cluster Analysis algorithm

Table 2. Test data Incidence Matrix 8

items, 10 properties

Table 2 is a simple set of test data to illustrate the algorithm. This so-called Incidence Matrix contains 8
items, each with property values for 10 properties. The first step is usually to calculate the 8 x 8 Similarity
Matrix, in which each item is compared with all the other items. A suitable similarity measure must be
employed, in this case:

where q is the number of properties (in the example q=10)

MAX = the greater of the two operands in the brackets

Pin are the property values for item i ( n varies from 1 to q, while i varies from 1 to 8 in the example)
Pjn are the property values for item j (n varies from 1 to q, while j varies from 1 to 8 in the example)

The numerator of the fraction is a distance measure (root of the sum of the squares of the property
differences)

The denominator of the fraction is a normalising feature which ensures that the value of the resultant
fraction is between 0 and 1

The distance measure is subtracted from 1 to convert the distance measure into a similarity measure

Multiplication by 100 converts the similarity value between 0 and 1 into a percentage value between 0 and
100.



Figure 10 shows the 8 x 8 Similarity Matrix for the  8 x 10 test data Incidence Matrix in Table 2.
Note that the values on the central diagonal, where the items are compared to themselves, are all 100%.
Also the values in the upper half of the matrix are a mirror reflection of the values in the lower half of the
matrix, and so if storage is at a premium, as it may well be in the case of hundreds of items, only the
values of the lower half matrix less the central diagonal need to be stored. At this stage the Minimum
Spanning Tree can be derived manually. To do this the largest two entries in each column (boxed in red
above) are used, but to resolve ambiguities it may be necessary to use the third largest entry in each
column (boxed in blue above), or even lower values for very large matrices. Using a graphical
representation, the items are linked by lines with the most similar two other items, each link labelled with
its similarity value. The procedure is repeated until all the columns of the Similarity Matrix have been so
processed. It is normal for closed loops to develop. If all the items have then been connected into just one
mass it is not necessary to take more information from the Similarity Matrix. However, if two or more
distinct groups of items have developed it will be necessary to use the third largest entries (marked blue
above) or even fourth largest, etc. until all items are linked into just one mass. Then for each closed loop
within the linkage the weakest link is deleted, and this procedure continues until no closed loops remain.
The resultant diagram is the Minimum Spanning Tree: it is normally branched, and must contain no
closed loops. If only a single chain with no branches has resulted, this will be a Linear Seriation of the
items.

Continuing with the clustering algorithm, the next stage is normally to derive the Dendrogram. Using all
the entries in the Similarity Matrix, and beginning with 100%, the similarity (phenon) level is successively
reduced until single items or pre-formed groups of items coalesce. The similarity level is noted at this point.
New property values are then calculated for each of the new groups: in the weighted pair group method the
values are weighted according to the number of items in a joining item or group, e.g. if group i has r items
and group j has s items, each having q properties, the new properties of group i will be:

and group j will be deleted. The Similarity Matrix then has to be recalculated each time a new group is
formed, using the new group properties against all the single items or groups which still exist (these are the
phenons at the current similarity level). The procedure continues, successively reducing the similarity level
until all the items or groups coalesce into just one group, when the dendrogram procedure terminates. Figure
11 shows the Dendrogram for the test data.

Figure 10. Similarity Matrix 8 x 8
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Figure 11. Dendrogram of the test data
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Figure 12. Minimum Spanning Tree with Wroclaw Diagram groups for the
test data

The next stage is to create a Minimum Spanning Tree for the data. The links on Figure 12
show the Minimum Spanning Tree for the test data, each link being labelled with the similarity
level at which the link forms. In the case of the test data a Linear Seriation has resulted.
However, the Minimum Spanning Tree will more normally have a branched structure.

Adding loops to the Minimum Spanning Tree as in Figure 12, a Wroclaw Diagram may also be created. The
loops are placed around any significant groups that have been detected. In Figure 11 the 80% , 50% and 20%
phenons have been indicated by dotted lines: by 80% item 1 has joined 5, 7 has joined 2, and 8 has joined 4; by
50% group 1 consists of 1, 3 and 5, while group 2 consists of groups 2 & 4 (items 2, 4, 7 & 8); and by 20% item 6
has joined group 2. Note that on Figure 12 the similarity values indicated on the links refer to the highest value for
a pair of items, e.g. 2 is 60% similar to 8, but because of the recalculation of similarities once a group is formed,
the larger 2,4,7,8 group does not form until 55.95% (see Figure 11).

Some suitable general texts where  these  topics  are  discussed  are  Hodson,  Kendall  & Tautu (1971);
Allsworth-Jones & Wilcock (1974); Celoria & Wilcock (1975); Doran & Hodson (1975); Hodder  &  Orton
(1976); Orton  (1982);  Martlew (1984);  Richards  &  Ryan  (1985);  Cooper  & Richards (1985); Reilly & Rahtz
(1992); and Fletcher & Lock (1994).
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Appendix 2: The Ario Data

The 16 x 48 GPS Incidence Matrix for the Ario Experiment is given in Table 3, and the 16 x 24 presence/absence “bar
codes” Incidence Matrix is given in Table 4. Since these 24-bit binary (base 2) numbers are difficult to remember and
to write down, the equivalent 8-digit octal (base 8) and 6-digit hexadecimal (base 16) representations are also given; a
decimal count of the number of reactions obtained by the practitioner completes the data. The 16 individual runs were
as follows:

1, 2, 3. Martin Laverty (ML1, ML2, ML3)
4. Gavin Lowe (GL)
5. John Pybus (JP)
6. Pete Eastoe (PE)
7, 8. John Wilcock (JW1, JW2)
9. Mike Hopley (MHo)
10. Rosa Clements (RC)
11. Tom Evans (TE)
12. Paul Windle (PW)
13. Harvey Smith (HS)
14. Geoff O’Dell (GO)
15. Gareth Phillips (GP)
16. Martin Hicks (MHi)



Table 3. Ario Incidence Matrix 16 sets of 48 GPS coordinates



Table 4. Ario Incidence Matrix: 16 sets of 24-digit binary, 8-digit octal, and 6-digit
hexadecimal Bar Codes showing the Presence/Absence of dowsing reactions in the
24 segments, plus a decimal count of the number of positive reactions obtained by

each practitioner


